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2.2. Atmosnhere control 

Sampling \las carried 'Jut by sucking-up from the rat.: box dispos~d i n 
the en~losure of tne TDI vapor generator. 

Th~ compressed air inlet \las 10 mm above the cup containing 
The tecperature was 2s•c. 

The TDI contents of the rat box were measur~d versus compressed 
air pressure ar.d versus lime. 1'heir recordings are . given at the 
page A II 8. 

The results are as follow : 

·Compr essed air pressure TDI cv:H::en tr at ion Remarks 
ppm vol 

0,2 0,25 to 0,30 

o:6 0,80 to 0,85 

0,8 idem Important 

I, 2 id.em projection on 
the walls l.n 

I, 5 t/2 u 

It can be noted that, whatever the air pres~ure may be from 0,6 to 
1,2 kg/cm2, the TDI concentrat~ · \n is constai1t , about 0,85 ppo vol. 

On the other hand, 1,5 kg/c~ pressure creates projections of TDI 
a~rosols on the air inlet tube t~ the rat cage, whic~ increase 
indeed th~ TDI vapor conc:en~ration in the air to ab~~ t 10 ppm. 

If the TDI amount in the cup is about 1 ml and not 5 ml, the 
TDI concentrations are lo~er. 

The time required for setting up a constant TDI concentration in 
rat box is about 20 to 25 minutes, whatever the used air pressure. 

3 - CONCLUS:r:ON 

With the generator that the CEA have, it is possible to obtain atmosphe~ 
conr.ainir.g a constant concentration of about 0,8 to 0, 9 ppm vol of TDI 
at 25°C. 

The inlet of air compressed to 0, 7 l:g/ em?. pr~s~ure has to be fixed 10 mm 
above the cup containing the TDI. 

A spacial care must be taken to blow uff tre device, as the TDl is 
by any plastic material : polypropyle .1e, po 1.yvinyl chl?ridC! • •• . 
It is strongly advised to use i$overs;ni ~ubes. 
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The aim of these trials was to control the TDI content of the artificial 
atmosphere within the inhalation room use~ for rat contamination. 
(The TDI vapor Benerator is given in the diagram I) 

1 - DETE~~I~ATIO~ PRINCIPLE 

The flowing electrolyte cell is formed by a glass cell, two platine 
electrodes, one of which, - the reference one is permanently imoersed in 
an electrolyte that flow~ - on · the · second sie•;e-shaped platine electrode. 

The gas to be studied comes into the cell at the level of this sieve, 
called indicator electrode. 

The electrochemical reaction between the gas and the oxidising solution 
at the indicator electrode level originates a micro-current between the 
two electrodes, which current is proportional t~ the TDI content of the 
gas. 

The glass cell diagram 1s given on page A II S. 

2 - WO~~ING CO~DIT IONS 

The gas is sucked in the cell by means of ct pump. The 9 1/mn flow is 
measured and regulated w~. th a flew-meter and a pressure regulator. 

The measurement is sequential i.e. the 20 s admission period of the gas 
to be studied is followed by a 6 mn ad~ission period 9f pure air, called 
reference air, that blows off the apparatus. 

The electrolyte (concentrated H2so4 + 100 mg/1 r 2o5) flows from a tank 
to the cell at about 40-60 ml/h and is ·ccllected Pt the cell outlet. 

The two electrodes are conne~ted to a recordind mic~o-acperemeter. 

2. 1. Calibrating 

The device is calibrated with an air having known TDI contents 
from 0,25 to 1 ppm vol; These con~entrations ar~ obtained by a 
precise dilution of an air containing about 2 ppm vol. TDI which 
is obtained by sweeping the TDI surface in a tank (4~2 ppm val . at 25 

Recording~ of TDI determination and !01 calibration curve arc sho~~ 
on pages A II 6 and A II 7. 



[!Eco~t>IN~S Yl>l .De T~ ~HI N A 'Tt'Of.J J 
... I - :--:--;---~--,--=~ :, __ '--.--~--~---.---~ ------ -~ ----=---~--·--- . 

~ -;-_. - -~~~~-~~-- ; - ·---~-~-;-~ _j__i -! · · __ ; __ : -~~-~; ~ ~r~- ~.......,..__,.~-----
• I I -~ 1 ! I i J • • ! ! . ; · · .. . ! : . I I 

__ :.___:.._""--·--· - . -:...-;.--J'----~ 
: . I : ·.: ! ~ ' ~ : . ~ . : I ! . I ; . I . . : 

- r- -:-· 1--L ... f, . ...-J ---.--. · ---!------~-- . 1 -......-..,..---- "-~,-..:.....-;.---
; ! , ! \, I . I I .: : •· ' 1 

- r . I • : -;~: i ; ! . · T - ~ i . ~ : !. : .. , 1 .. I · .. ; · 

-~--:- · !·-t .. ·~-:K-r·j-1 -~r-,-.-;----7 , j , . • ..... : .. • , .. !-t-:1 .. .. :. ,. 

·:l· ·i·l:=~$~~~-:~~-+~-:---ri~ • : :·;)'-jf! :·:--, -!·. -: _-. -;-:-~~--. :..- ;~-
.. j ..... l-. ; .. . : - ···· ..., .......... -l- ~- 1 .. .. 1 .... " --.. -'--· - ·- ' --'---4·- · --r-:-:--·-~ r-;----r---~· 
' i I I \ i I I : .. j:: i . :_j_.i .. I . ~ : ! :. ,. i . ~ : : ·:: i· ·: . : : I .: !·. ·; : I . : ·. ~ \)' 1·~ ·:' .· i : :. 

· --~- -r-- , ~--r-7.'7:-:--1 ,·--· :- --; 1. ~~·:-·; .:. 
1

. , 1 1 . , ~ . 1 .•. , , • : . Aor· -:-:7'--:.-. ~--, -· I I I I ~... I : ... : • 1 I. . I I . . . I : . I t . I : . . I .. : : . I . ' . t . . ; . :. : ' . . . ; 
... 1 ... ; . " I .... . : .... . ... .... l ...... T_T_!· ..... _ - .. ·-·-----·-.. -- ---· -------- - -·- ·-·--·-,.--,-·-)_.1-·'-.. :r: . \.~>~ ... ~-- - :--~· -,--: -. -, i ! .;. ·' ., ! :_; : : :. ~ : ! ·! : . ~ .. :. ~ • : .: . ; __ ;' .· :· . : 

: ! I I I :1 -... • • _1 . I . I ! ; ! .·1 I I I : I · I . /: · I ·: · , .. . :· t · : J.:(::: ~j~_.,LL .. ~ - ~~ - · ~ - - ~--=~: : ... ~:-:~~:~:; ::~ ; .. .. :·-·: .. ·--~--~- _" . -r ·:: ~~:.~r·T= -., ~-T.i 
1 r . 

1 1 
r 1 • 1 , 

1 
. . , .

1 
T .. 1 •. • . .. . . . .. .. 

1 
•.. • , . . .. 1 . 

1 1 .. I • • .. • . . . . .. . .. , 

- -f}11 .:.c"f:_t ·1~.l~~J::·:~f.[J!~t-~-w;~~;;l~~~-
... , I I ' I I ., I I I . . I ; .. . !.. . . . :;-..;.__:, . .. ' . I " ' I ... . .. • I . , • • • • p .-+-j-- __:,.._ ~-- . ; . I · : • I . · ! ; I : ! ; . . . .. I ~~ -A-u 'if 

. ! j :; f i I: ;7: ; I ! j • ' :! •: :: : ! • :· ! : ··. :· · : ' . : . . : . ·. :' 
, .. 'I " I ..... . t .. .. ~, .... . -, -- .. - · 1-'-·1- · r-1 "- ·-h---~~---·--.---•--------- --- · 

-------1 .. -· ·-: __ ...... 1. .. ·--- • ~- 1 Oj 5 upY.· --!--· _..;.__ 

.. ... L. _!-~-_! · -- ! ... ir- -=--~·-· ·f _ . ; ____ ._~ .. _;__: __ L_~ __ ;_ . . ~ . . I : ____ :..:,_;._~-;----:- .. -

i · i ! ; ; ; ::'i ; ! : I ; i i ! ; · !. i i : i : I ! i · ·! ! . ! . : ; . ; : I i .! . .' · : . 
_, _, -- • ~ • -:J,, • • • -•·--~--;- ---:•-•• • -~~·-• 0 , o I o t 

0 
, 

1 0 0 
~ 

0 
• ,•-• 

I ! I . · I I : ·: ; ' . I I I I . I I ! I " I . I I ' ! .·.· I : : ' . I i .. I · ; •. ; . L . .. ! . : . .. 
j· -: ·~ --1-·: ... I ... i· ·-;11 ·\~ .. +··t-l-:--i .. - L, - :---:-;"7' ·;· : ·~-- ~---;--7-r-:-· -· -:,-, ·~~~-; -r-:-:-7-~~-- .-:+--, , -; --- ~·-:-:- .. 
• . . . 1 I . I ~ ~ · , ,··· . :. : : · ! · . t ·:· . · 

. '- - - .. . - .. ... , -- · J r :~ .. . - · ------~ ; ~--------- -------·-1----- ·---·- .. 

. i ·i 

·rq:~A~ .. -; 
:otf6 ::. 

I . 



- .. . i _ ·: 

• ·- • : 1 :: • . ·. r 
, ... :: : . 

:-- . . . -- . ---. . . - -- -....... ... 
: : 

. :: .· • ! . . 

--···------... - .. -· ----· ··- ·---·· -·-· 
• • ; : & ~ f .... • • . l 
• • 0 ........ ! . '- ~ . .. . · • . 

. . -·-· ~-Pt -~frER~Nc·i--· ·-----·- - ;·· 

·- .• . ELEC.'TRD - ·- ··- ------
.. · . ...;. _______ -·--

• . .. _, ________ -·-·-· 



oF ,4(R RATs- BOX 

. ----··- ~-· -·- . ------- :r.:.:-: . .. 

I I 
··----=-....:.- - ··· .. - .. 

--·; - -: · --~- .. ; - :· .l~.·:-·~~"'1':. ·: : -~:-:-:-;.;;..: ..:.:. :=.-~ ;..: . ...: :.. .. :..-·..: .. ·;-::-_ --- - · ... . ... ------··-·---
' • I o • 1· ; 1 ' I ' I ; ; I ; ; • i ! 

:•.-: -:·;•ll:-,;-_''$¢{21~~~:=-B·~~~- -~-r~.~--·~~?~~Ii~ 
.
. · .• · ··.· .:. -··.;.· -. ·;,-.-... ~~· .-.-;-.· -. /:. '.~.:· - ~: .~. ~. · · i ! i . :·· i ~--;-1 ! .. : ~-~~T : · : 1 ; ~ - ;-•• -~ -~ 

- : ·· ~ · · · ~ - -~ · - · ;--,-i-··:-r · · ;·:-::-:-~~:- ;- ·· ~ - · ~ - -:-~~-- -: ~·· - ;- ·t·-;--~- ·~- ~ -.. ! 
---:----~--. --. -, 

----'------~·--·--·-·- ·----·--

I • .. ·:······ ·- ·- ... 

· ··-·-~---- .... .. _ .... _ . -,- ·- - ·------ . --------- - ·0;1 ~~- -· · 
·1~~-·~ -+·! :t ~ ~~; :-~~~ ~~i '. ; . ~ .. : . : . : ~·~~-: _ :~-;--=- :. ~ :~: . 

. : : : : '- ' . .I ·' i · .. : :. .. .: . . . . .. . .. . . . . : . 
~--------•-·......-;; ---· ------- -··-----

I . i I 1 ~ ""' ""-.._ , 1 . . . . • ; , t • ' 

--i ----,--- ----~-----.:__ --·----~ .. 
·-:__._ ._ .:.._ ,i __ . __ I_:_: 

~: ; -T-: ~-~\~ : . ~ I l : ; : ; ~ ~ ;·. i . : . ' . -~~-~~-;----;--· 
----··-- .. - .!~---,-·4-- - ·--··------ ~~----------·-----· --i . I : I • ....... . . I I I i . I . : . 1 i ; . I . I .. ! . i . ! · ; i . ; : . . ; . I . ~ 

-· .. :J.; .... : · '~j··. : · ~. :~ - · ~) , _~_ . 1_ _ : .. ~: : . L_~·-;...._ ·_:..__· _• ---·- ·- ·- : · ~-~- ~.-~~0-;;:· - ·-
. ; : ( ' . . . . . . . 

3~ ~ =-r<~:~ ,- t1:t:=+l=~=r=r> , :-=u=~;-t=:~: ·. : --'-.; ~~ _;_ .~ ~~~ \=: · 
! : I i : .i ; 'j--....;__! I - 1 J ... :! .... . : .. _ J. : -· -·· - 1.. : _ · : •.. I·· !·· 1 . : , ; .: . i I • 1 • . : . 
: _ •. _ , __ , ... . 1. .. -- ·'--' ,.,..,.... ' . . . ....... . . . .. ~ . . _. .!. '-·+~:.. . -~-'- · :.· -: ·,:, -. :..: .·":.- ... · 
i ;' i i J. ·~ . . . I ! ! : 

;~~-~±f~gt~?tr~~=~~ 
TD~-~,TI~--L!~-~~~~:;=tr1~t~~::=l~~f~L.~bJ; 
; ' \! !· .L I :· .. , ·< !• I ! ! l 1·· 1.: ; f :! : : ·: ~ :·.;,+ ;· •! • 1 ~ ~ · : . I . , :.. .,· ., !··: 

-.r· ):. c.;:~~'F~ ~- ~f~Ff--r.:t:~+:+l~~ _.~;.~l~-~· : f-+. · i~~-:~! -+~!~1 _:_lo~~;. '~ -~=~:_L~·-L :.: 
-····1---- -·· - "" -"""' .. ··---· .. ·----- ·· .. ~-··-----.--- .. _..A:JJgL£.B:_8J...flBT- _:Rox:._ 
-i ~~~; -i +J, +-H+++1 : -: ~++fTrT-rt:t~~:::;-:-.:T::-~7" ' '.:I=~~ 
.I j . , ·----·-r· -... , .. -.. ... ! .. .......... L... _L. · ·--· · ·- ~ .. ---------~---·--· · ·----·--- --· --1o~. 

·· l:· ·.!·:· .. ><~. ::J. ~ · : ·\.: .. ~~~+: . ::·:\ :; · ... :0 . ; • ! ,: : : ·. : : :·: : : ' .: :~ ·. ·: : :' ! . ;;_ .:; : .. · !·~~ ·:·i· :··.< :: ~ · · '; ~ . :·:·.;: : 
• - ' . .. 1: :.: ·! . . : ·. t.. ;·. ~-·;~ : _:._ ___ ~_ 

-.:. ~.L . ..:_-1 · -~~-.--~ ·-- -' . : ~·=--:· ' j ,-;:-T- ;~; : ·; ~--· -··_· ___ .. _____ : ~L~-··-· _: __ 
: \ I . : I : I : l . : i~ i I l . I !: I · ·'~" I . : . : · : !. ·· : ; .. : '· i : ' I . . : ; . :. : .... .1 

~~--~;~~t~l~;~~:-:·~r~~·;r-~=~~~--T:-:: :_~~;~· : ··T;~:~ :. : ·~ · ~: ~ ~~-!~ : ~ 
~--' . : .. -·::=,.._ · · r · : . r _;.:.~_.~; __ . ..;.. .Al.{L_]FJ:.s.S\J .8t:_~(:,\'(8 ·1~--. 

:~ :.-~.\c~=.:·~:t~ · ~- _t~ : ~:!~·:t~~~_.:LJ ... u- i ; :_l_.; __ : · ·~JboJte-~ .~~!_T~+-:~:/1~--i 
: · . i ·-:..... : : : :,. : · t .# ~ · L ... ·i : r ; ~ ' · · . 
i'"'- ~ ·· ·-~ · -- · --·-· ·· - .• ·-·-· ~-;:_--;-_---.:----~--



I T . I D ! 

IJ1[- 7 -

. . I . . . . . . . . ... - :--~--- - . 

. ... - ~- . ·-· 

- ·:- ··:·: . :· ·-~ - -: ·· :·····-: -: ··--=----T.--::-··· :-- ---~ ."--- -~ -. --:- ·: . : - -··-········i--- ·:·- ··- - -- ---
1 ---:-

- -· -- -- - ---- ··· - ------ -- ------- -- ------ - - -· --- . -. . I 
----- - ---- - ' . . . ' - - --- -- -,-- - --- · --

I 

---~- - · --~-~--------

f 

\~.--<) . - -~- - - ... : ..... . : .. .;:..-j----.:: ~ ~. :.~:~~: ~-- ·i 
I . . 

.. . . . . . . ·-·· --- . ... -- - - - -- -
I ,---- ----~------ - - .. ---:----- ------ :. -

I - . 

I I --- - ------- - -- --- ------- - --·--- -- - --

1 

--- r·· --- --- -,--- - --
~----------~--~ 

.. . - i. ... .... .. .. ..... -
I : 

. ' ----- -- --- .. -- ---------· --- - - ·- --' . . 

. ' ---- ------ -- ---- - - ---- .. ·- - - . 

. - - . -: -~-- ~ --= ~--. -· i--- --- ·-:. :: .. 

l ~o -- ---------- - --- - -- -- ---- :... __ __;_ -- -- - --- - -- --- --- - - - -~- ---- . -----· -- ----
! 1 ' 



: . :7'.ean c:s. 
S'="Y -· crt 0 c:f' ... 

Dose ( \.! ::/ ::r,) 
I 

122.59 175.03 151 ,36 155.16 

TD·!E (~) : 

1 O.i3 1.12 .1-. 63 :! • .49 ~ .?1 

1.74 1.12 e.93 + 1.45 - 3:93 -

3 2.88 1: 16 10.2~ 4. 77 + 1. 62 - . . 
4 4.66 1.15 11.15 5.65 + - 1. 69 : . . . 
5 4.85 

6 4.95 1. 21 11.82 .. + 
s. 99 - 1. 79 

: 
8 5. 70 1. 45 6. 38 + 1. 77 11.98 

~ ., 7. 04 2._ 69 11. 20 6. 98 + l. !.2 . ) ... -
: 

24 8. 40 4. 60 9. 62 7. 54 + - o. 87 . . 
48 6.11 .. . 4.20 6.15 

+ 
5.49 - 0.37 

72 3.86 2.84 4.26 3-65 
...~ 

0-24 -

96 2.73 2.23 2.91 2-62 + 0-12 -
120 l..t.8 1.89 1-68 

+ 0-14 -
14l. 1.16 1-51 1-33 

+ 
0·12 

168 ~.89 1 .. 05 0-97 + 
0-06 -

192 0.67 o •. 76 o. 71 + 0·03 : -
. 216 0.51 o. 59 o.ss + .. 0-03 

240 o. 42 0.50 0-46 
+ 

0·03 

264 0.32 o.Js 0-33 
+ 0-01 

2C::~ o. 26 0.28 0·27 
+ 

-=> o. 01 . . 
+ 312 - 0.21 o. 25 . 0·23 - 0·01 . . . 
+ 335 o. 16 o. 21 . o.1s - 0·02 : . . 

360 o. 13 

'T'I\::.L_-. I r d' 'd 1 • h · L 1 t' · 14c d' +,· ,_'/ v..... : r~ lVl ua resu~ts s c".Jlng t:1e ~'10 u wn or ra l.C3.c ... _v_. .... 

in t.~e blood of rats as a function of t irr.e (see table II) 
. . . . . . i 4 . . . 

after l.'it:'a:~l.lsc~lar l.'1JeC"t::!.cn· of TDI- :. The results ~ exf:!'essed as a 
Uo• .. v ·-· · .. r• ...... .; .. ~ .. -' p:'lr ' a 

- .filr~tl:cr\.. .ci :U..e...ra,.-.;"-";;.,.i..v'tv.~nj.oc-~C. ;.,.to t.'le r-at:; measured cer gram 
L,.).Bvrr;::..7Vln.:·o ::Tv· .... =.., ..~::1 . ::?r~e~cr:;; •. n!-IZit:S""':' .. • I:l . '-'"'" 'coNi'::i " -

o6;MJfn ·bleca : o(~l 00 /gl. The rrean for each period •.tas calculated. 
CommiuJriat .i l'i:n••:Jit! AtomiQue 

Fra"ce 
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FIGURE 3 : · Cage used for metabolic studies of TDI. The urines and faeces 

are colj_ected separately in flasks located below the cage. A fraction of 

the air breathed out is bubbl~d throu-.l-} two flasks (lower left) containing 

an a.J..kaline solutioo of phenylethyla:nine. 
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b) Purification and tests 

. The TDI was purified by subli.l'J"ation. The radiochemical purity 

was checked by gas radiochrorra.tography. Figures 1 and 2 show the 

radiochrol'l'B.togra.ms ol tain~d after purification. 

The final product contained 83.7 % of isorrer 4 and 16.3 % of 

isorrer 6. The specif~c r adioactivity was 38 nCi/mM. 

B - EQUIPMENT AND METHODS 

. . 
The rats used in this investigation were of the Sprague Dawley 

s-train (Charles River ) weighing 150 to 200 g. The animals v1ere kept 

fasting for 12 ours before and 2 hot..rr's after injection of TDI14c. 
A single dose of TDI14c was administered by intramuscular injection 

into the triceps of the rig."r)t hind paw. 

~~cro~i~ers of a: solutio~ containmg 38 ~i/~ of 7DI
14c 

in benzene was l.nJected to each anlffi3.1. An. a posterJ.orJ. check of · 

total injected r adioactivity was performed by adding 

radioact vi ty to the radioactivity rerra.ining in each anirral tvhen killed 

b) ~9~~~!~~~!Y-~~~~~~~!_!::¥_!~g~~~-~~~!P-:~~!i~!2 

The radioactivity from 14c was rreasured by ~ans of an Inter

technique (SL 32 PR) liquid scintillation spectrometer. The samples 

were prepared by mineralization Cintertechnique DJ 4IOI unit). The 

count results were corrected f r )r quenching and .:::~.s a func-tion of the 

specific efficiency of the co· mting in::;trurrent. 

The scintillatmg solution has the 

Toluene 

Phenylethylamine 

Methyl alcohol 

PPO 
bis ~.SB 

Water 

following composition. 

qQQ ml. 

330 ml 

220ml 

7 g 

0.4 g 

20 ml 
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I No. 4 

d" 
I sex 

weight in g 164 

TDI dose 
administered 21.09 

fg/ani.mal 

8 9 

~ r:f' 

159 172 . 

27.83 27.84 -. 

r 
' c 

J-1. 

r i-0-.3._. 

J 
I 

Table II Individual doses of TDI administered to animals 
serving for an investigation of blood kinetics 
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S~·: cr 0 - ·-':"'\ ~ 
i..' l.j/ I o-

( ::.•;;)S~ 122.59 175 .03 ,. :-1. 36 }.55.16 : 

·-- : ,..fu.,~~ 
·~ ·--...,_ -> , / 

= r- ... 
IT·~ ( :-.) ~&U~7 

1 Cl ./3 1.12 2> .63 ~. ·~ 9 ~; . ? 1 

2 1.74 1.12 8.93 
+ 

3.93 l. ~ 5 

3 2.88 1.16 10.28 4. 77 
+ 

1. 6. 

4 4.66 1.15 11. 15 5.65 
+ 

1. 69 

5 4. 85 

_6 4.95 l. 21 11. 82 . s. 99 
+ 1. 7 9 

8 5. 70 1. 45 11. 98 6. 38 + 1. 77 

( 12 7. 04 2. 69 11. 20 6. 98 + 1. /.,2 - · : 

24 8. 40 4. 60 9. 62 7. 54 + o. 87 

48 6.11 4.20 -6.15 5.49 + 0.37 

72 3.86 2.84 4. 26 3.65 
+ 0.24 

96 2.73 2.23 2.91 2- 62 + o.12 : 

120 l.L.S 1.89 1.68 + o.14 

14 4 1. 16 1.51 1·33 
+ o. l2 

168 0.89 1. 05 0.97 + o.o6 -
192 0.67 0. 76 o. 7l + 0·03 -
216 0.51 o. 59 o. 55 

+ o.03 

240 o. 42 0.50 o.46 + 
0-03 

264 0.32 0.35 o. 33 + 0·01 

zs::--0 o. 26 0.28 + 
0·27 0·01 

312 o. 21 o. 25 0·23 
+ 

0·01 

336 o. 16 o. 21 0.18 + 0·02 

360 o. 13 

· · ~= - 14c d. t' ·....,, TP..ELE - I ·: Ir.dividual resu1.ts sho·;~ing the :evolut:_on ·J~ ra wac 1.VJ.. '- .1 

in the blcod of rats as a function of time (see ta..:::>le II) 

af:er~ intra.:·!'l..l~.:ular injec'ticn of TDI14c. n-.e results ~- e:q:-ressed as a 

,~.,q·.~(<'.;',., i v,i.-n'E rats, ~asured per gra.'n l';;i\i1c ~0 • 

calcul.:n ~d. 
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- Elimination by the respiratory tract 

During the period in which the quantity of 14co
2 

breatl<ed out 

bv the rats was rreasured as a function- of time, t"'le cages wer-e venti

lated with an airflCM of 300 ml/min. At the cage ex.\t, a variable deli 

ry pump was use.d to tetke 10 % of the total airflo,.. for bubbling throug.~ 

- two bottles in series . oontaining an alkaline solution (phenylethylumine) 

( figure 3 ) which fixed the CO
2 

• 

- At the end of the experiment, the animals were killed. ThE: body 

of each animal was horrogenized in the presence of a quantity of Hater 

. ec:ual to its weight. The radioactivity of t>-te homogenate was measured. 

RESULTS 

L! . / 'Y'·v6 ? 
/ - "/""-""" · -The results pre~nted below refer .to a small number of animals. v.rhile -.-- they provide · an ·understanding of -the ·evolution and the magnitude of the 

phenomena observed, rror ~ ..experiments of -tl1 is type are required . to obtain 

accurate results. 

_ _ ~) ~~~~uti~~-~!-~~9~~~!~~~!~-~-~~~-~!!~-~~!E~~~~~~-~i~~!~~~ 
of TDI14c. 

o/f<N(t,...r Table I gives the individual results of changes in blood radioactivity 

· ;· in rats having received . a single intramuscular injection of TDI14c. The 
.c..t'p..f' ' . 't'. 5 ill . . 

·· · / ;... _~ l curves · l.fl . l.gures · 4. and · - ustrate the results of thl.s· table. In fl.gure 4, 

·- · ~ \ _' - - .. ' the...-anount of radioacti vi"ty ·. in ·the· b1ood are plotted as a function of t .irre 

·: ·.:. in · linear coordinates. A radioactivity peak located at about 24 hours can 

· be observed. The curve in figure ·-s; ·for ·which the logarithm of blood concen

trations is plotted as a function of time, can be broken dCMn cs follc:Ms. 

The first portion of· the curve, which corresp:mds to increased blood -radio

-activity,. enables evaluation of the diffusion rate of 14c from muscle. After 

-.· ··passing- through. a ·maximum-; .. the second· portion corresponds to the elimination · 

.. ___ of. TDI~~C and ~its - rreta!)olites , from the blood. Although these results are not 

·very ...accurate ~ · this · . .curve shows that the elimination- follows a . second order .. 

- -kinetic . --Two hypotheses ..can be -advanced to explain : this . .result. 

L,:. S:J r-.ATOiRE: D' ETUDES D'J •'-~ ETABOLIS:vlE DES M':DICMIENTS 
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c) LValuation nf results 

The results reported in this study correspo:1d to rreasi..I!'er:ents of 
14 

· t"1e total radioactivity due to C in the samples. They are expressed 

- in each case as a fraction of -the total radioactivity injected into 

the animal. · The· "tables listing-·the rreans also shON the standc.rd error 

_of these means, as we l l as the · nurrber of experiments used for calcula

tjng the mean. 

C - EXPERI?--SNTAL PROCEDURES 

All t"1e experirrents presented belON were perforrred after giving a 

sj.ngle dose of TDI14c to the ani'l'lals. 

-time · intervals, blood was · taken uT"lder slight anesthesia from 

nous sinus. These .blood ..samples were-immediately transferred 

· in cupels employed -for .. :the ..preparation of liquicl scintillation 

In order to determine the. excretion balances of TDI and its meta

bolic derivatives, the animals were .kept individually in glass metabo

lism cages. CFigllr'e 3) designed to obtain separate collection of the 

u1•ir.e and faec~s, and collection of an aliquot of the co
2 

in the 

e)\:pi.red air.. Ti'1e . animals were acclimatized to the cages for 4a hours 

before the start of the experirrent. Aside from the 12 ho!Z's before 

Z k;1 ,and .:_hours-dfter administration of the test compmmd, .the anirrals 

f .J ~ '3 received water and pov-.'de-r>ed food. 
1

( . ~41~ 
'The urines and faeces- were collected during the periods of 0-1?, 

·11 ~1 J: ( 12-24, 24-48, 48-72, 72-96 .2.1d ·96-120 hours after administration of 
~ 14 . . -· _ -J" .the TDI C, and the samples correspondlllg to eac..""l period were stored 

. -- ~)j in .the t"reezer while· awa·iting treai:ment. 200 microliters of llr'ine were · 

-~dk-ectly .mineralized · in · the IN ·4101· .unit. The :faet:es were oven-dried :-·. __ : :.:· :-- u~l' 

- . - jP ~ .. ,---~, . . to constant ..weight., . reduced t-o .powder, and an -a -liquot .of each sample 

·- 1(1"tr \. ' .was mineralized ·irr the pre~cnce of 10 microliters -of isobutyl alcohol. 

·· ;: ~~- - ~· - ~ p r ,:~, ., -~ pa"1'9e latter vas ·employed .. to facilitate combustiorr-=Gf the sa.mplP.. 

~. :. = . .":· R.:. 'OIR:; D'ETU CE S C· IJ 1.-lE TAB OLISii.~E iJ ES MED ICA MEN TS 
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FIGURE 1 Che~cal purity d1eck of TDI. T{ecording obtained l.ly gds pha5e chronatography (liquid phdse silicon SC30). 
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~) Purification and tests 

Th•.:; TDI was purified by sublimation. The rad i oche:nicr.l purity 

. was checked by gas radioc t ography. Figures l and 2 s.l-)ov.' the 

radiochromatograrns obtai.r 2-d c:. .. :ter purification . 

/1-1~',-v(_ 
~ . ,_ ,. The f ina ... roduct 
I lj t' .-<..!VI ~ 

cor1tained 83 .7 % of isorrer 4 and 16.3 ij of 

.- .- ifK' ~tivity -was 38 rrCi/mM . / isorrer 6. _The r;pecific 
~ ~ )- fL1 c;.A.J.. 

/ ' (/ '? 
~L t( (.Av/ ' 

~ B - EOUI?MENT AND ME'lliODS 

a) -~~~~~gi~~-~!~£~~~ 

- · The- rats--used in this investigation were of the Sprague Daw1ey 

strain (Charles River) weighing 150 to 200 g. The anirrals were kept 

fasting for 12 -hour's before and 2 hou.. ·s after inj ectian of TDI14 C; ----· 

A single -dose of TDI1 ~ .C was administered by i..-1trarnuscular inj ectian 

in-to the triceps fJf the right hind paw. 

J ~A- . vv<--' 

k'-t-t" ~~ " _. _five microliters of a solution containing 38 rrCi/rru'1 of :DI
14c 

c[J Li?V'(J ' in benzene was injected to. each animal. An a posteriori chec.~ of . . . r t .. total -injected.radioa.ctivi ty vlaS performed by ·adding t~e total .,...,,....,..,_,.+<.,.,. 

radioactivity to the radioactivity rerra.ining in each 

b) ~~~~~~i~i~-~~~~~~~!_e~-~~g~~9-~~~!:!!g!~!~9!2 

__ The. radioactivi ty .from 
14c was rreasured by rreans of an Inter

technique CSL -s2 PR) .liquid scin-tillation Epectrorreter. The samples 

were prepared by mineralization (Interte~ique IN ~IOI unit). The 

count results were corrected for quenching and as a -function of the 

specific efficiency of the counting instrurrent. 

The scintillating solution has the following composition. 

Toluene 400 ml 

Phenylethylarnine 

Methyl alcohol 

PPO 

bis HSB 

~-later 

330 ml 

220 ml 

7 g 

0.4 g 

20 ml 

t.. . .:. SOR.:.. TOI F" E Cl ' ETUDES DU ME T t..90LISM E DES M E DIC.4 M ENTS 

C. ~,:Jr :r,-, i·n : C':' 2 1 C' I 09 1 ~ 

C.:.r·.:,-;,sla riat a I' Ene rg ie Atomique 



/ 

I 

\ . 

( 

I 

' 

/ 

'- -

l) Reduction of benzyl alcohol to toluen~ 

•cH.,-oH 

2) Nitration of toluene 

• 
CH3 

CF3so3H 

~ 
N03H 

3) Reduction of dinitrotoluene 

•c·· G) 

AN02 
I et 

4 ) Actio.; of . phosgene on the diamine 

• CH3 

et 

_:. :.::";. T·J :PE D'ETUDES DU METABOLISME DES MEDICAI\1ENTS 

:>:: :· · c.· -;: -; CC 3:0IC'\) ie 

:. :·· -d;r i2: ~ I'Enprgie Atomiqu~ 

-N02 

Fe 

HCl 

-N0 2 

et 

~ -NCO OCN-

et 

NCO 

Isomer . 2-4 Isorrer 2-6 
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. A snJDY OF lHE DIITUSICN RATE OF IDI 

IN RATS CONTAMINATED VIA !HE RESPIRATORY SYSTEM 

PRELIMINARY S1UDY 

The p~ose of this work is to investigate the diffusicn rate of TDI 

in the organism in rats contaminated via the respiratory tract. The determi

nation of metabolic transformations undergone by this compound in conta~t 

with tissues and rrucous mei!'branes in animals will complete this investigation. 

Before undertaking contamination by the respiratory tract and establis

hing the experirrental .'. r'ocedure concerning this contaminatim, for technical 

reasons, a preliminary study was conducted on rats, in or<k:r to estimate 

the diffusion rete of TDI m blood, after intramuscular injection·. The 

urinary and fecal el~tion rates were also investigated. 

TDI14c was used in this investigation. 

A - SYNTHESIS OF THE MOLEC 

The TDI14c was synthes · ed by the labelled l-blecuie Laboratory of 

the Corranissariat a l'Energie Atomique at Saclay (Mr. Pichat). 

The following scheme was foll<:Med for synthesis of the labelled 

corrpound : 

.· 

Document prepari per le 
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14 - 14 a C' compound (TDI C or one rretaboli te). is distributed in two 

compart:rrents jn the organism, 

we are jn .the presence of two labelled derivatives) metabolites 

with different elimination kmetic parnmeters. 

Graphic inte·!-pretations and calculations I'!Bk.e it possible to esti.m:lte 

the following parameters 

- for elimination : the relative magnitudes of tl1e two components 

of the elimination curve are ll1 a ratio of about 3.8. 

The half-lives of the two components are 32 hours for the larger 

compart:rrent . and 7 3 hours for the smaller . . 

- for diffusion : the T l/2 of diffusion from the muscle o~ inje~ted 

TDI
14c is about 30 minutes. 

b) ~~St-~9-f~~~-~~~E~!~~~-~f-~~~~~~~!~~~~-~~\!~~-~!E~~~~~ 
~i~~!~~~-~f-~-~~g~~-~~~~-~f-~~=~g. 

Tables III and IV give the indi~idual results of fractions of radio

activity elimmated during each sampling period. Tables V and VI, \vhich 

resume these r-esults, make it possible to follow the progress of cumulative 

quantities of radioactivity deriving from TDI14c or its labelled ·derivatives 

as a f unction of time. A check revealed that the elimination of 14c jn the 

form of 1'~ CO2 through the respiratory tract is · negligible, showmg tl1a t, 

in rats, there is no transforma.tion of the rrolecule by demethyla.tion of the 
~ · ~ l4CH raulcal. - 3 . 

~~e curves ln figures 6 and 7 illustrate the results glven ln the 

tables. To s~arize, these exper~en ts show the followL~g 

- that the urinary elimination of TDI1 'fc and its metabolites labelled 

with 
14c lS greater t.~an their fecal elimination (53 % as compared 

vlith 39 %) , 

- that tl1e excreta recovery. balance is better than 92 %. Four per cent 

is found in tne carcases after the anirrals are killed. 

CONCLUSION 

The purpose of these experi:ents was to evaluate the diffusion rate 

Oocum·en t prc 'J:m! par le 
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~~ ?.~t r.• 

: ~Sex._ : 

TIME ( h~: 

FAEC:t:S 

0 - 6 

6 - 12 

12 - 24 

24 - 43 

48 - 72 

72 - 96 

96 120 

: 120 - 144 

144 loB 

168 - 192 

192 - 216 

216 240 

240 - 254 

264 288 

288 - 312 

312 - 336 

336 - 360 

.. . 

. . . 

1 

rJ' 

0 

26. 56 

. 54 ·. 09 

150. 19 

58. 49 

34. 07 

17. 41 

11. 35 

6. 58 

. 6,. 65 

6. 26 

4. 76 

3. 3~ 

3. 69 

1. 83 

1. 9Q 

: 

2 

d' 

. 3. 64 

18. 45 

33. 09 

94. 26 

66. 75 

38. 38 

20~ 7.5 -: 

15 •. 57 

11. 99 

11. 32 

7. 7 4 

10. 67 

8. 48 
.) 

4. a9 

4. 21 

2. 44 

1. 65 

5 

0 
~ 

0 

9. 23 

18. 25 

2l:S. OS 

117. 59 

43~ 54 

14. 21 

7 .... 99 

7. 02 

·8. 71 

4. 12 

3. 40 

3. 58 

2~ 84 

o. 58 

1. 49 

1. 56 

.. . 

: 

6 

0 
+ 

0 

23. 93 

45. 99 

109. 15 

.59. 99 

23. 32 

15. 79 

12. 61 

11. 41 

·11. 71 

13. 04 

12. 90 

11· 07 

6.· 07 

5. 46 ·: 

3. 19 

1. 36 

+ es 

o. 91 + o. 45 

+ 19 •. 54 1. 92 

+ 
37 •. 85 3 . 92 

142. 17 : 13. 51 

7 .s •• + 70 - 7. 04 

+ 34. 83 - 2. 15 

+ 17. 04 - o. 70 

11. 88 : o. 78 

9. 25 : o. 71 

+ 
9· 60 - o. 59 

7. 79 : (\. 95 

:+ 
7. 9 3 1· 14 

+ 
6· 63 o. 95 

4· 37 + 0· '35 

+ 3· 02 - o. 55 

2 . 22 : Q. 19 

1· 64 : o. 07 

. . 

. . 

: 

. . . . 

TABLE IV Individual results showing fecal elimination '"'f 14c after intramuscular 

injection of a single dose of TDI14c in rats (see table VII). The 

results are expressect as a fraction of the dose injected (0 / 00 ). 

The mea~ for eac~ period was calculated. 
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. -....... . D~.- -a 1 2 5 6 

-~~c~ . + d' d' ~ 2 . ME.AN - es 
TI:O:E \. ~- )---- . . 

F.A.ECES· . . 
0 - 6 0 3 • 64 . . 0 0 0 .• 9J . 

+ - 0 • .:.s 

6 12 26 • 56 22. 09 9 .• '23 23. 93 20. 45 + 
l. 93 - -

12 24 80. 66 35 • 18 27 • 48 69 .• 92 58. 31 + ;; • 7 6 -

24 48 . : 230 . 84 _il.r.9 • 43 242 • 56 179 • 07 200. 47 
+ 
- 10. 95 

216 • 16 360 • 15 239 • OS "276.17 + 
15. 94 . 48 72 289 • 33 -. 

72 96 323 • 41 2.54. 56 403. 69 262. 33 
+ 

311. 01 - 17. 25 . : .. 
+ 

96 120 340. 82 275. 30 417 • 90 278 .• 17 328. OS- 16. 77 

120 144 352 • 17 290. 88 -:· 425 • 90 290 • 78 339. 93 
+ 16 .• 04 -. . . 
+ 

: 144 168 358 • 75 302. 87 432. 92 . : 302 .• 19 349 .. 18 - 15. 45 

168 - 192 36?. 40 314. 18 441 • . 63 313. 90 358. 77 
+ 
- 15. 0~ 

66 321. 76 326. 366. 
+ 

192 - 216 371. O"l 445. 95 57 - 14 .. 33 .... 
216 - 240 376. 42 332. .59 449. 16 :339 • 85 374. 51 + 

-=-· 13 • 33 
: 

240 - 2.64 379. 30 341. 07 452. 74 350. 92 : 381· 13 
... 
- 12. 62 

-: 
264 - 288 333. 49 345. 0' 455. 57 356 • 99 385. 50 

+ 12. 32 .,o -. . 
288 - 312 381. 64 350. 17 456. 15 362. 45 387. + 

60 - 11. 87 

312 - 336 383. 40 352. 61 457. 64 365. 64 389· 82 : ll· 73 

336 - 360 385. 39 354. 26 459. 2C 367. 00 391 .. 46 + 
11· 73 -

: 
TOTAL 
UP. :.. ~E + 
FAECES 950 .•. 52 943. 83 835. 97 911. 80 923. 03 

... 
7 • 48 

: 

TABLE VI Individual results showing the cumulative fecal elimination o.1. 14c 
14 ·as a function of ir.le, after administr·ation of a single dose of TDI C 

by intramuscular injection in rats {see table VII). The results are 

expressed in part:s per lOOOof' the dose injected. The rrean for each 

period as well as the overall balw,ce are calculated. 
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FIGURE 6 : Curve showing cumulative radioactivities of TDI14c and its labelled metabolites in urine as a function of 

after intramuscular injectioo of a single dose of TDI)_1~'c. This curve was plotted from the resul.ts given in. 
table V. 
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of TDI14c _from the muscle, before considering contamination of rats via 

the respiratory tract. This diffusion rate is fairly rapid with a T 1/2 

of 30 minutes. Our experience suggests that diffusion f~ the respiratory 

tract should be even rrore rapid. ~breover, the relatively slow eliminaticn 

of derivatives of TDI
14c labelled with 14c should permit observation of 

blood, urinary and fecal radioactivities with the new experimental procedure. 

The autorddiograph of the entire animal . (see Appendix) shows that 

TDI14c and its labelled metabolites are practically diffused throughout . 

the organs, with a high concentration in the excretion organs. 

From the purely kinetic standpoint, the distribution curves bas~d 

on distribution in blood and on the excretion balance suggest that in 

addition to TDI, metabolites are formed : 

- one or two important rrietaoolites diffusible through the majority 

of organs 

- with relatively slor . ., elimination rates, 

-with an elimination balance approac.'1ing 100 % in 15 dqys. 

-
These hypotheses will only be corroborated by additional 
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Di;JJrtcment d e Bool:~yir 

Cflmm i ss.:~riat a I'E .~t:! r;J ie Atomique 

. Frdnct 



/ ... 

/ 

( 

c_ 

A STUDY OF lli.E DIFFUSION RATE OF IDI 

IN RATS CONTAt-!L"JATED VIA 'I'HL: RESPIPATORY SYSTEM 

PRELIMINARY S'IUDY 

The purpose of this work is "";:•"' investigate the diffusion rate of TDI 

in the orga;1ism ..in rats contaminated via the respL'watory tract. The determi

nation of metabolic transformations undergone by this compound in contact 

with tissues and mucous rrelTlbranes in animals will complete this investigation~ 

Before undertaking contamination by the respiratory tract and establis

hing the experimental procedure concerning this contamination, for technic.al _ 

reasons, a prelirr~&ary study was conducted on rats, in order to esti~te 

the diffusion rate of TDI in blood, after intramuscular injection. The 

urinary and fecal elimination rates \-lere also investigated. 

TDI
14c d · th · · · · was use .ll1 l.S mvestJ..gatl.on. 

A - SYNTHESIS OF THE MOLECULE 

Tne TDI14c was synthesized by the labelled t'olecule Laboratory of 

the Corranissariat a 1 'Energie Atomique at Saclay (Mr. Pichat). 

The follaHing scheme was followed for synthesis of the labelled 

corr;:>ound : 
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time in hours 

organ 

kidneys: {medullar zone 

· cortlcal zone 

liver 

large intestine 

spleen 

heart 

salivary glands 

skin 

lungs . 
bone marrow 

bladder 

. 

' · . 
Table I 
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++ 
++ 

++ 
++ 
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. Quantity of radioactivity .localized by autoradiography in the rat. 

++++ 

+++ 

++ 

+ 

very strong 

strong 

medium 

weak 
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. APPENDIX I 

ALITOPADI03RAFF.f OF 1HE ENTIRE ANIMAL 

PROCEDURE : A· rat 'weighing 100 g receives an intram.Jscular injection of 

TDI14c (18 pCi.). Twenty four hours after administration of the chemical, 

the animal is killed and rapidly frozen by immersion in liquid nitrogen. 

The frozen rat is stored for 24 hours in a freezer at -25°C before the 

preparation of ~ections. Ullberg's technique (1954) was employed for 

preparing the sections. A lei tz microtome was used with a plate cooled 

to -30°C . . 

50 }l sections parallel to the sagittal ax~s of the anim3.1 v1ere 

prepared. Collected on adhesive tape, they were dehydrated and then placed 

against a "Kodirex" rronolayer (Kcidak) radiological film. lhe films were 

developed after five days of exposure. The black areas enable localization 

of the radioactivity due to 14c introduced into the body of the anim3.1 in · 

the form of TDI14c. 

RESULTS 

~late l shows the autoradiographs of a rat killed 24 hours after 

administration of the labelled medicament. This period corresponds appro

xim3.tely to the activity peak in the plasma of the animal. 

The relative importance of tissue fixation of ti:e chemical -is . shown 

in table I. These patterns were ·obtained from preparations of t"le same 

thickness (SO p) . The exposure period was seven lays in all cases. 

REFERENCE 

Ullberg S., 1954, Acta Radiol. S~pp. 118 
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A s tudy of the di ff us ion of MD I i n r a ts cont amina t ed v ia the r espira to ry sys tem. 

.. 
ATTACHMENT TO REPORTS SC/EA-1 3 & 14. 

Reports SC/EA~13 & 14. 
Dr. M.Sumi, Chairman of Toxicological Sub-Committee (Far East Region) 
has sent to the Safety Office the following comment 

Dear Dr. Wilson, 

We read through two reports of preliminary studies on the diffusion 
of TDI and MDI in rats. We have no comments on them for the moment, 
since they are preliminary ones and especially detailed discussions 
are not given with regard to graphic interpretations and 
calculations. It should onli be added that I don't know whether 
the term "second order kinetic" is suitable or not in the case 
of t he elimination of TDI (p.8). 

-·····- --~ 

.. 
' 
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'"' EA 4- METABOLIS~ 1976 - Visit to Saclay on ~~id2~ 9th, 1976 

I t 
-Mr. Istin has not yet recieved the co~~ract from Mr. Cunningham.* He is a 

bit worry not to have official paper in hand _about _the 1976 work.and he 

needs it to send . the invoice· and to receive so%. 

- Neverthe less the attempts are o~ stream on TDI and the first results 

a lot of information : 

- ~ust after inhalation of 1 ppm duri11g 1 hour, as asked by Dr. Loeser, 

Mr. latin killed several rats to de.ter:nine the radioactivity level in 

16 organs plus blood and plasma. 

- The diffusion rete is rapid in the whole body as forscen by the preliminar:y 
attP.:npts. 

~ The kiduney is the most concerned and more than liver 

-S~prisingly , the stomac seems to be more concerned than the li7er 

-The ~ats have very w~ll support~d and ~he lungs ~ere intact but it is 

necessary to wait for 1:he results after histological study 

-The. sensitivity .is_ very co"lfortable. The concentration or the time could be 

divided easily by 10 may be more. f 

- The ratio Radioactivit~ of urine 
Radioactivity of feces 

it is a surprising to see that is the reverse of t.hat in the preliminary 

test by injection 

-The . first autoradio· chromatographies ~revery rich and fa$cinating. 

Just after the intoxication three very polar products, different from TDI, 

ar~ appearing. These products are very rapidly eliminated. But after 

that, several non polar products are getting visible and fading slowly. _ 

Mr. Istin would like to meet Dr. Loeser to co~ent these first results aad 

suggests a date before the end of the month. I said that it could be 

possible (on 28/7) if Dr. Loeser is not yet in holiday. 

He did not.rorget that he had invited Dr. Brochhagen ·.and Dr. Loeser to 

participate to the inhalation procedure but he was not allowed because 
sec~rity regulation in C.E.A 

• But we ha7e recieved copy on Jun~ 18th. 
... / 



I . 
MadeCioiselle BODIN from Eurane helped fo1 trainiD.g (without radica.c.ti vi ty) 

for the control of the TDI in the atmosphere with the os~opile and met .no 

problem. 
. . 

Labelled foams 

Mr. +stin informed me that the preparation of the 4 labeled foa.n:;s and polyuree 

vas estimated to about 2.300 to 2.500 $. He will 

for that. 

Stabilitv of labelled TDI and Mri 

send me an . invoice 

No variation has been formed regarding the purity verses ti~e. 

June 12th, 1976 
t 

.. 
I 

) 

\ 
· . ../ 



•• 
; " 

·'· · i . . . 

12/7/1976 

antities· Injected 

BLOOD 
maximum 

half time diffusion 

h~lf time elimination 

Excretion balance 

balance recovery (urine I 
+·fe ~es) 

· in the killed animal 

air · P.Xpired 

Elimination balance 

Elimination ~ 
faces 

. .. 

I I' 

• T D !t 

5, 
of 38 -mCi/mM benzene- solution 

._ ......... 

24 h 

Oh30 

32 ? 
73 h 

92 ~ 

4% 
0 

(second order) 
2 metabolites 

. . 

1 oo% in 1 5 days 

~ 
--· 

.. I 

APPEM>IX l 

M D I -, 

8~ 
ot 24,7 m Ci/mM benzene solution 

h 
2it 
78h 

II ··f 2 ·h 
~ (first order) 

25~ 

1f10 ~ - ·-· 
0 * --. 

very long 

1 
3,t 

* by sintillation vas some radioactivity appearing after 2 days but by ionisation there is no C 14 as for TDI 
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SUK"!.ARY OF THE RESULTS OBT.<':.INED BY THE PkELIHINARY AT':!'EMPrS jOP 

METABCLIS~lE Q,T TDI and MDI ·t 
(Reports of C.E.A - Departement de Biologi ~ ) 

The main aim of this preliminary study was to have on i~ea of the 
ted 

diffusion rate of TDI and -MDI within rats contamine via respiratory syste~. 

The first step was to . ·:c .'are labelled TDI and MDI w1 th C 14 on the methyl

group fo;: TDI and on the methyl en grmtp for MDI. The radio che:nical purity 

vas checked .. · by g:1e radiochromatography. 

The second step was to investigate after intramuscular injection in order 

to estinate the 1iffusion rate in the blood, urine and feces. 

The results reported correspond-· to maesurements of the total radioactivity 

due to C 14 in the samples and are expres~ad in each c~~e as a fraction of 

the total radioacti7ity injected into the animal. 

Variation during 336 h were reco=ded. At the end, the animals were killed 

and the radioactivity of the whole body was maesured. 

The first _part of the curve in logarithmic coordinat~ gives the rate of 

diffusion from muscle. The second part of the curve, ~fter the maximum, 

gives the rate of elimination of th& metaboJ~tes. 

The results are grouped in the tabel (Apfendix I) 

I 

This preliminary work was helpful to reach accuracy and savety in the 

further investigation by inhalat i on. 
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A S'I'UD'f OF TI!E DIFFUSION OF MDI 

IN RATS CONTAMINATED VIA THE RESPIRATORY SYSTil1 

PRELIMINARY STUDY 

The purpose of this work is to investigate the diffusion rate of MDI 

in the organism in rats contaminated via the respiratory tract. The determi

nation of metabolic transformations undergone by this compound in contact 

with tissues and mucous membranes in animals will canplete this investigat 

Before undert.:U<ing contamination by the respiratory tract and establ 

hing the experimental procedure concerning this contamination, 

reasons, a preliminary st\Jdy was conducted on rats, in order to estimate 

the diffusion rate of MDI in blood, after intramuscular injectioo. The 

urinary and fecal elimination rates were also investigated. 

MDI C
14C) was used in this investigation. 

A - SYNTHESIS OF THE MOLECULE 

14 ) . The MDI ( C was synthet lZed by the labelled Molecule Laboratory of. 

the Corrmissariat a 1 'Energie Atomique at Sa clay (Mr. Pichat) • 

The follc:Ming sche~re was followed for synthesis of the labelled ca:npout 
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1) Fornol condensation with aniline to eive the MDA 

2 ©-~· • HCHO 

2) To obtain MDI, raw MI:\'\ is treated by COC12 

tiD'\ + 2 COC12 ~ 0 : C = N ©- ~ -©- N = C = 

b) Purification and tests 

MDA was p.Irified by chrcmatography on a column of "Silice H''. Thin 

layer chromatography and tN titration are used as tests of the puri

fication (Fig. 1 and 2). This pure ~IDA is used to ended the syrl'thesis 

of MDI. The results of radioche.rnical controls appear on figures 2 and 

The final ·pr-oduct has a radioactivity of 24,7 rrCi/rrt1. 

B - EQUIPMENT AND METHODS 

The rats used in this investigation were of the Sprague Dawley strain 

(Charles River) weighing 150 to 200 g. The a:..,imals were kept fastjng 

for 12 hours before and 2 hours after injection of MDI c14c>. A 

dose of MDI <14c> was administered by intramuscular injection intp 

triceps of the right hind paw. 
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Figure 3 : Radio chemical control of MDI < 1~C) "rronomeride". 
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Figure 4 : Radio chemical oon"trol of MDI <14c> "monarericle". The chn:matogra-

phy has been clevelopp wi"":h the system of solvent : Benzene SO 
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Eight microliters of a solution oontaining 2~, 7 I!Cilnt1 of MDI < 1~C) . . 
I ; I 

in benzene was injected to each animal. An a posteriori check of total 

injected radioactivity was perfonned by adding the total excreted 

radioactivity to the radioactivity remaining in eac.l) animal when k 

o) !32~!~~!Y!~-~~~~!-EL!!~!!L~£~!!!!~!~ 

The radioactivity fran 1~c was measured by means of an Intertechnique 

CSL 32 PR) liquid scintillation specttaneter. The samples were """"'"~...., 

by mineralizati.oo (lntertechnique IN ~IOI unit). The count results 

oorrected for quenching and as a function c::~ the specific efficiency 

of the counting instrunent. 

The scintillating solution has the follcwing canposition. 

Toluene ~00 ml 

Phenylethylamine 330 ml 

Methyl alcohol 220 ml 

PPO 7 g 

bis MSB 0.4 g 

Water 20 ml 

c) Evaluation of results 

The results reported in this study correspond to measurements of the 

total radioactivity due to 1~c in the samples •. They are expressed in 

each case as a fraction of the total radioactivity injected into the 

animal. 

C - EXPERIMENTAL PROCEIXJRES 

Al.l the experiments presented belc:w were performed after giving a 

. single dose of MDI C
14c> to the animals. 
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( The single dose of MDI was injected to fasting rats. At: regular time 

intervals, blood was taken under slight anesthesia fran the cavernous 

sinus. These blood samples wer-e :inmediately transferred and weighed 

in cupe~.s employed for the preparation of liquid scintillation ;:oQIII6J"·c~ 

In order to determine the excretion balances of MDI and its metabolic 

derivatives ~ the a."'limals were kept individually in glass metabolism 

cages (fig. 5) designed to obtain sepan:ite collection of the ur:l'le 

faeces, a"ld collection of an aliquot of the co2 in the expired air. 

The animals were acclimatized to the cages for 48 hours before the 

start of the experilrent. Aside from the 12 hours before and 3 hours 

after administration of the test canpound, the animals raceived Hat'.:!r 

and pa.~dered food. 

- The urines and faeces were collected during the periods of 

0-12, 12-24, 24-48, 48-72, 72-96 and 96-120 h~~ after 

of the MDI c14c>, and the samples corresponding to each period we~ 

stored in the freezer while awaiting treatment. 200 microliters of 

urine were directly mineralized in the IN 4Ioi unit. The faeces were 

oven-dried to constant weight, reduced to powder, and an aliqoot of 

each sample was mineralized in the presence of 10 microliters of iso

butyl alcohol. The latter was employed to facilitate combustion of 

the sample. 

- Eliminatioo by the respiratory tract : 

During the period in which the quantity of 
14co2 breathed out 

by the rats was measured as a function of time, the cages were venti-
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Figure 5 : Cage used fC'lr metabolic studies of MDI. The urines and faeces 

are collected separately in flasks located below the cage. A fraction of 

the air breathed out is bubbled through two flasks (lower left) containing 

an alkaline sol ution of phenylethylamine. 
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lated with an airflow of 300 ml/min. At the cage exit, a variable 

very punp was used to take 10 \ of the total airflo.J for bubbling 

through two bottles in series containing an alkaline solution (Iitenyl

ethyiamine) (Fig. 5) which fixed the co2• 

- At the end of the experiment, the animals we~ killed. The 

body of each animal was hom:>genized in the presence of a quantity of 

water equal to its weight. The radioactivity of the hc:lrogenate was 

measured. 

RESULTS 

The ~sults p~sented below ~fer to a small number of animals. While 

they provide an understanding of the evolution and the magnitude of the 

J:tlenOII'ena observed, rrore expedments of this type ~ ~qui~d to obtain 

accurate ~sults. 

a) ~vol~!.!2~_2f-~di~~!~!~_¥.!_e!~~ft~!:-~!r~~~-~;i.:_ction 

of MDI <14c>. -----------
Table I gives the individual ~sults of changes in blood radioactivi 

in rats having ~oeived a single intramuscular injection of MDI <14C). The 

curves in figures 6 and 7 illustrate the ~sul ts of this table. 

the arrount of radioactivity in the blood ~ plotted as a functioo of time 

in linear coordinates. A radioactivity peak located at about 24 hours can 

be observed. The curve in figure 7, for which 'the logarithm of blood CXJI'Iteel 

trations is plotted as a function of time, can be broken c:bm as follows. 
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!~ NO ~ S 
~Sex · . .: d" 

:. Time h ">., : 

~ 

1 

2 

3 

6 

8 

12 

25 

48 

72 

96 

120 

144 

168 

192 

216 

240 

264 

288 
360 

0 .,~ 

r • 

0 •. 77 

0.95 

1.05 

1.27 

1.74 

2.27 

1. 71 

1.46 
•. 

1.73 
I 

' . . 

6 
rf 

0.07 

0.27 

0.53 

0.89 

2.62 

2.03 

1.02 

0.73 

o.so 

0.17 

o •. o6 

0.22 

8 
Q 

0,11 0 ·18 
' 

0.62 : ()~17 0-46 

0.97 0.21 0,66 

1.66 0.27 0.97 

2,44 0~ 34 1.35 

3.30 0~41 : 1·70 

s.o8 o.s7 2~42 

5~42 1.76 3.17 

3.74 2·69 2,82 

2.75 

2 .,22 

1.52 

1.18 

0·99 

0 •. 82 

0.28 

1. 51 

0.93 

0.79 

o .. s: 

0.23 

1.28 

1.31 

o •. 91 

0.75 

o. 61 

~ Dose admin. :483,83 :432 •. 09 :451.40 :406 •. 03 ' ~~~ . 
Weight g. : l f; 7 187 179 199 183 

Table .1. Individual results shewing the evolution of 
14c radioact i vit y in 

the blood of rats as a function of time (see table II) after intramuscular 

injection of MDI c14c). The results are expressed as a function of the 

radioactivity injected into the rats, measured per gram of blood (0
/ 00 /g). 

The mean for each period was calculated. 
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Figure 6 : Variation as a function c•f time of the logarithm ·· of concentra

tion of radioactivity in the blood of ra.ts having received 

injectio& of a sir:gle dose of MDI c14c>. 
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Figure 7 Variatim as a function of time of the concentration of 
14c radio

activity in the blood of 1 ats having :t:"eceived an 

of a single dose of MDI ( 
14c >. 
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The first portion of the curve, which corresponds to increased blood radio

activity, enables evaluation of the diffusion rate of 
14c from muscle. 

passing through a maximum, the second portion corresponds to the eliminat 

of MDI <14c> and its rretabolites from the blood. Although these results are 

not very accurate, this curve shows that the elimination follows ~ first 

order kinetic. 

Graphic internretations and calculations make it possible to es· i~imate 

the f ollowing pararreters : 

- for elimination : The biological half life for elimination is 

- for diffusion : The T 1/2 of diffusion from the muscle of injected 

MDI <14c> is about 12 hours. 

b) ~E~~-~9_f~~!-~~~~!!9~_2f-~9i~£!iYi!Y_ef!~E-~!!~~~~~ 

~i~~!i9~_9f_~-~~s!~-~2~-2f-~!_i:~~l· 
Table II give the individual results of fractions of radioactivity 

eliminated during each sampling period. Table III which resume these resul 

make it possible to follow the progress of cumulative quantities of radio

activity deriving from MDI <14c> o~ its labelled de-.:-ivatives as a flD'lction 

of ti!re. A check revealed that the elimination of 1°C through the 

tract is not negligible. The 14c compound does not appear as being 

Its fixation by the strong alkaline is bad, in the SaJre experirrental concli

tions 14co2 is bounded with a ratio of 100 \. This observation is improved 

by the fact that radioactivity in expired air appears after a delay of 2 

after the begining of the exper ilrents . 

The curves in figure 8 illustrate the results given in the tables. To 

surranarize, these experilrents sha-1 the following : 
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URINES 

0- 6 

6 12 

1 
(j" 

1.53 

3.72 

0 

0.46 

12 - 24 14.49 7.36 

24 - 48 15.75 15.14 

48 - 72 11.76 6.79 

96 

96 120 

·-
FAECES 

0 - 6 

8.63 

6.03 

0 

3. 60 

2.70 

0 

0 

1.43 

6.89 

9.00 

4.42 

2.12 

0.06 

·Mean 

0.22 0.44 

1.92 

4.1.:. 8.21 

7 .9-J 11.35 

4.37 6.83 

4.77 5.34 

3.00 3.46 

0 0.01 

6 - 12 0.02 0.07 0.22 0 0.08 

12 - 24 18.69 13.23 6.62 10.30 12· •. 21 

24 - 48 50.45 13.46 40.04 ss.s: 39.86 

48 - 72 40.49 23.14 47.11 44.~J 38.78 

72 - 96 47.04 12.12 23.84 12.e: 23.95 

96 - 120 20.67 21.80 22.67 19.2! 21.10 

WEIGHT g.: 188 176 182 193 :184.75 j 
Dose adrnin: 430 459 444 418 :437.75 

~~~~g~/~Kg~~----~--~------~------~--- · 

' : 

Table II : Individual results showing urinary and fec;al elimination of 
14c after intramuscular injection of a single. dose of MDI c14c> in rats • 

The results are expressed as a fraction of the dose injected (0 I 00 ). 

The rrean for each period was calculated. 
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NO }! 2!1 3 &4 Mean 0 ~ 9 
Period-.; 

UPJ:NES 

0 - 6 1.53 0 0 0 .. 22 0.&41+ 

€ - 12 5.25 0.'+6 1.&43 2.28 2.35 

12 - 24 19.74 7.82 8932 6.39 10.57 

24 - 48 35.49 22.96 17.32 =· 14.29 22 .. 51 
•· . 

48 - 72 47.25 29.75 21.75 18.66 29.?5 

72- 96 55 .. 87 33.35 26.09 23.44 34.(;9 

96 - 120 61.91 36 .()I+ 28.21 26.43 38.15 

FAECES 

0 - 6 0 0 0.06 0 0.01 

6 - 12 0.02 0.07 0.29 0 0.09 

12 - 24 18.72 13.30 6.91 10.30 10 "' 31 

24 48 69.16 26.76 1+6.95 6S.81 52.17 

48 - 72 :109.65 '+9.90 94.06 :110.22 90.96 

72- 96 :156.69 62.02 :117.90 :123.03 :114.91 

96 - 120 :177.37 83.83 :140.57 :142.31 :136.02 

( 
Table III : Individual results shc~.dng the cumulative urinary and fecal 

1 · · · f 14c f · f · f dmin · · f e lJIUl1atJ.oo o as a unctl.on o tJ..rre, a ter a J.stratJ.on o a 

dose of MDI <14c) by intramuscular injection in rats. The results are 

expressed in parts per 1000 of tl-.e dose injected. 

as well as the overall balance are calculated. 
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.. . ' 

1 2 3 4 
(j" (j' 9 ~ 

: 

0 - 6 1.91 0.54 0.54 0.144 
' • . 

6 - 12 0.14 : 0.14 0.15 0.15 

12 - 24 0.07 0.22 0.08 0.07 

2~ - 48 12.70 163.18 13.13 14.73 

48 - 72 8.07 12.71 9 .. 13 17.69 . . 
72 - 96 0.13 0.10 0.06 0.06 

96 - 120 6.10 4.34 2.84 63.89 

Total 29.12 181.23 25~93 97.03 

Table IV : Individual re~\ll ts showing elimination of 14c versus time 

through the respiratory path after intramuscular injection of a· single 

dose of MDI c14c> in rats. The n!Sul ts are expressed as a fraction of the 

cbse injected (0 I 00 ). 
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~00 CUMULATED FAECES 
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ao 
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I 
J C1JMUlATED URINES 
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Figure 8 : Curve shc:Ming C\DllUlative radioactivities of 14c and its labelled 

metabolites in faeces and urines as a function of time after intramuscular 

injection of a single dose of MDI <14c>. This curVe was plotted fran the 

results given in table III. 
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• 'l •. 

- that the fecal elimination of MDI c114c> and its metabolites labelled 

with 14c is greater than their urinary elimination (in .. the ratio 

of 3.6 to 1) 

that the excreta recovery balance is less than 2 5 \. The rest 

in the careases after the animals are kUled. 

CONCWSION 

The purpose of these exper5ments waS to evaluate the a~ .-·.:si.cn rate 

of MDI <14c> fran the muscle, before considering contamination of rats via 

the respiratory tract. This diffusion rate is fairly slow with a T 1/2 of 

12 hours. The relatively sla..J elimination of derivatives of MDI c11JC) 

led with 14c should permit observation of blood, urinary and fecal radio-

activities with the new experimental procedure. 

Document pn!pan! par le 

LABORATOIRE D'ETUDES DU METABOLISME DES MEDICAMENTS 

Depanemen~ pe Biologie 

Commiuariat i I'Energie Atomique 



100 

/ --·-

\ ) 

J 
"' " 

T l 

.1). 
u 
~ ... 
i 
;;; 

/,.--....,_ I ? --...... 
r 

CUMULA'IT~D URINL.:S 

i I : 

I
--r---r-1- -I- -I- -I I- -I I 

. _........!---- , /I------ . . 

;I 

T/ 
/ 

I:L 
I 

6 24 

/f 
~ I 

i 
' 

l : ! 
I 
: 

' : 
I 

I 
,: I 

I 
I 

TII·IE IU HOURS 

fiGln«: 6 : Curve sha..,ing cumulative radioactivities cf TDI14c and itr; lab~'lled metabolites in urine as a fi..U'lction of time 

after intramuscular injection of a single dose of TOI
14c. This curye .\olas plotted from the results given in 

tahk: V. 



,. n o r· o 
'""O ·~· )>o 
~ 3~w g 
n 3 .:: \.) 3 
·-· 1'3~,. 

::: 3 )> :I 
!: ~ -i -
-· :I 0 u 

"'fb~ - ~ .. 1 .. @~ "~-
'D «: 
;;· ~- ~ 

. ~ : . : 

· · ·~o 
; "" 

. 
2 
-l 
VI 

i 
"!. 

/ 
.l 

( 

I 

i 
/ 

; 

-~· .. --···\ '. .r 

CUMUlATED FAECES 

· /;.--I- I--r--r-I 1-I .. .....- r-·--- ·- ~ 1 

t--I I---.,-
/ - r 

·/-· 
,. 

"/ . . . I 

. 
i 

. ' · . · - · - . . - - · •- I ....1.._ ____ ' . • 

72 120 158 216 264 312 336 . 
TIME IIJ HOLII<S 

FIGURE 7 : Curve showing cumulative radioactivities of TDI14c and its labelled metabolites in 

after intramuscular injection of a single dose of TDI14c. Th:!s curve was plotted from the results given in 

t3ble VI. 

~ \ , I I 



/ 
, ... 

' / U 

>-
'-

f 
1 ... 

( 

. 
I . - ' ' . : 
I r . 

T ~ 

T j J • :.. I t I 
I .:. ' -• i . . 
i ... ,_. ; . I 

= r1 
lli 
-J 11 
r 
j, 
I 

~ 
r 

,l 
I .. . 

~ 
I 
;-

' = i 
····· 

I 
I 

i 

I 
I 
I 
I 

! 

?IGL?..:: 5 

T 

! 
TOTAL 3LCOD 

T • 
1 

I 

I 
I 

! 

! 

i 

~ 

~ 

~ 

lfar .i.a-ri~n c.s Cl function of t:ii'T:t-' of the Jogc>riti :.n, of -::c-r,c!. ··c ·.-7· :_ ~ 

raci.ca-:-:i•t .~ty b t.'"'.E: blcod vi :c.'lts having :n~,-:f::iv.:::d ""- .. ir. ;,;:- ~: : · 
. • . "' - ... 'T·r.•T_ .• ' ~4 · · ·' · ~r'l;E( .. L.!.'Jr' C• a SJ r .gJ.f. ,~cs:: o .. . 

W:..:!ORATOIRE D'ETUDES DU METABOLISME DES MEDICAMENTS 

Ccm mimtriat A i' Energie Atomique 

12 

... 

F 



( "· ~~- -· ' --, , 

u. 'lOTI\L BLOOD 

,.., ("' c 

~ ~ ~i ~ :r~ 
.. ~- ~ i ~ ~1·, c.• .. ).- ~ 

~-7'': -t ;:. !'!;;O r. 
·~ :ii 2f 
-: "' m I 
g' - 0 : .. c. • ..., C m 
~- c= -4 ~ 
• CD C' 

~6 F/1" 3 • 
~- ·~ 

.SJ ~ 
i: 

,J 
.-

~ ll ~l 
3 -~ . I .. 

2 

1. 

r 

.T 

............. __ ! 

------------ . ....____,___ r--, - <-
-]( 

--.& -.:.~·-- ·-1 
l.-L. ~ 1 _1_ t-- .J • .. ----· · I . ·· - ···· ·· 

2~ 72 120 1G5 216 2Gl, 312 :JJC 
TIHF: Ttl IIOIJI<:; 

flGUt<L 4 : Vur.Wtion as <l ftulction of ti.n~ of the concl.!ntrdtion of 1 '1~ radiructivity in the lJlood ot l'.tl:~ hcw.in,: 
~ceived .m intr.:unu~;cul<.~r injt!ction of a single rlo::-.c of TDI-<

1 
C). 

.. -
, ..... 
..... 



: 

( 

l 2 

··-·,·-... : ... ~ .. .:. 
0 6 C7. 24 4. 59 

6 12 :n. 95 15. 69 
.· . 

5 

0 
+ 

6 

0 
+ 

62. 29 .: 12. 12 

28. 17 . . !2. 49 

: 
: 

. . 

,..: 

... 
es 

+ c:~ 3S. 0~ 7 • .,., 
: 

2.5. 33 + 1. 47 

12 24 1sa. 20 104. 03 

. ., ' _ .. 43 91. lo _96. 23 

59~ 34 

76. 35 

. . 48. 11 

.144. SL 

: 92. 43 : 12. 53 ~ 

102. 15 + 7. ~2 

0 _' .,0 

120 

72 

?5 

120 --- . 

144 _ 

-:.sa - 197. 

192 - 216 

2:.:) 

264 - 233 

2S8 312 

~,., 

..) --
336 360 

: 
,; - 76. CJ7 ' 46. 11 : ·-: 75. u3 -

: 
+ : __ 60. 58 

: 
4. 32· . -· 

: ~-- - · 27. 03 . . . -- - 59. 7 2 : - '4 5. 7 6 - • + 
53.- 07 5 • .S7 -

! 

: 
38. 70 . . 62. 19 : - '32. 66 .•. 24. 86 . . 
29. 7.8 • -51. 32 : < 28. -.82 - : 35. 61 

: 
15. - _7_8_ : 33. 95 - 11. 22 -_: 30. 35 

: 
12. 22 26. 55 16. so -. !7. 66 : 

ll. 65 11:. ss 12. 51 12. 25 

:i. G. 56 9. 30 11. 02 9. 35 
: : 

6. ?5 9. 03 10. 15 6. 10 : 
: 

- 6. 56 8. 14 6. 75 : 10. 57 : 
: 

-5. 40 4. 96 . - 3. 47 4. 92 : 
: : 

4. 14 . - 4. 76 J. 56 3. 38 

2. 68 3. 36 -4. 4b : 1. 38 

39. 60! - 4. ox : 
+ 

36. 38 - 2. 60 

22. 82 ~ 2. 75 -

, ,.. + 
-C• 31 1. 50 

13. ?.6 
-1· 

0 5 -t· o. 22 

8 -, .:~ 0 ~~ . "- - . . . _; .:, 

s. oo ! o. :;s 

4 t:: c + 0 "'_, ,_-• c. J • 

2. 97 + o. 32 

------------------------
___________________ .....;,._ ____ . . _______ _ 

· · · - · · 1· · · f 14c at ·- --7ABLE III ·.:· Ind~vlduaL:results shc:Mmg -ur~nary e liTU.natl.on o ter 

·- ~ intramuscular injection. of .a single dose of TDI
14c in rats (see 

,· table VII)-. · Tne ~sul ts are expressed as a .fraction of the dose 

- -i-.)ected : (0/ 00-). ·-The -mean for each period was:...calcu 
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1
_. \I ( -:,~:~in (:~l~:i:: rretaOOlite) is distributed in to-a 

.,/\ . · 
1 

- we. are in .the presence of two labelled derivatives, metabolites 

·· ·· t. - (\ · ~ . ___ with differem.: elimination kinetic pa.razreters . 

.. ·--· · ··- Graphic interpretations and calculatio."ls make it possible to estimate 

· -·- - the following parameter s ~ 

- for elimination .; .- t.'1e relative magnitudes of the to~o comp:ments 

of the eliminati.ro curve are in a ratio of about 3. 8 • · 

The half-lives of -the two components are - 32 hours .</! 
·· cc:mpart:Irerrt- and 7 3 hours for the SM3.ller. 

- .for diffusion the T 1/2 of diffusion 

TDr
14

c is about 30 minutes . 

... Tables III and IV give the individual results of fractions of radio-

activity .eliminated dur:ing each sampling period. Tables V and VI, \.zhich 

resurre these. .resul ts, .. make it possible · to !'olloo the -progress of cumulative· 

·quantities· of :radioactivity .deriving -:from -TDI
14c 0r its labelled derivatives· 

-/as a function of time. A check revealed that the elimination of 14c in the 

\\
1
/ form of 14co2 ·-through -the:: respiratory-"t!"act is negligible, showing that, 

- ~ · . ( ·- · in rats, -there is no tra!'lsformation of the rrolecule by demethylaticn of the ~' . 
\ . 14 

. \ radical - CH3 • _ : :: 
' \ 

\ 

-· . -,· The curves in .figures·· 6 and -_7 ·illustrate the ·results given in the 

-tables ~ To surrar.arize, these.. experiments s."tow the .fo) lorlling 

• - - ~ .! ·- . 

-1 
/ ·.\ 
I \ 
i \ 
! . 
'-

that the urinary elim.inati.c-..'1 of TDI14c and its rretabolites labelled 

\>Yith_ 14c is·:greater -than ti'leir -fecal elimination (53 % as . compared 

with 39 %) , 

- that · tl)e excreta recovery balance is- better than 92 \. - Four per cent· 

is- found in the carcases after the animals ·are killed. 

CONCLUSION 

The purpose of .these exper..inents· was to evaluat:e the diffusion rate 
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43- 72 ~ 93. 69 299. 71 '· 272. 26 308. sa 

72 . .... - . 96 : _- 420. 72 : . : 359. -43 318. 02 3.38. 36 

96 120 459. _4.2 · 421.62 : __ 350. 68 .413. 22 

120 . - 1.!+4 489. 20 472. 94 346. - 83 . 448. 83 

144 - 168 . 504;· 98 so6. 89 :- - 358. ·os· 479. 18 
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264 - 286 .552. 92 .: 576. 49 - 415. 28 535. 12 

288 ~312 .... - 558. 31 581. 45 418. 7 5 540. 04 

312 - .. 336 562. 45 0 . 586. 21 • 422. 31 • . 5'43. 42 

33.6 - - 360 . 565. "13. 539. 57 . : 426. · 77 : - 544 . 8G 
. . ·-·- . 

MEAN cs 

+ ~. 

38· 06 I• .:i_. 

~3· 39 + 9· 29 

+ 
155-. 82 '!. 8· 

257. 97 + - ::.5. 13 

318· 56 
+ 13· 10 

371· 63 + '!.0· 91 

411· 23 
+ 

ll· 

+ 
439· 45 ~5· 

+ 
462. 27 li· 

480· 57 
+ • ~ - ~ ~· 

27 .. 

+ 
493. 83 - .:.o• 23 

+ 
503· 89 :3. Oi 

511· 55 ~ :7. 81 

+ 519· 95 '!.7· 95 · .. 

524. 64 + 18· 

+ 
528· 59 !.8· 

531.- s-, • ,o c· _.,.. ::> 

:TABLE v · Inoiyid~_ r:esul.:t? showing the cumulat-ive urinary ~li.mi.nation .. of .
14

c 
-· as a function of 'time, cifter administration of. a· single dose of 'IDI1~c 

by ·intra-nuscul"a!" injection in rats {see table .VII) .. The re?Ults are . 

·· eY.pressed in partsper -1000 of the dose inject ed. The mea."'l for eac."l 

periOd as -~·Jell as ·1:he overall balance are ~l~.u:ated. -
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~l. 41 
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13. 04 
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u. 07 

. 0·· 07 

3. 19 
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15 

~!EAN 
+ 
- es 

+ o. 91 o. 45 

19. 54 .+ 1~ 92 -:. 

+ 
37 •. 85 j. 92 

+ 
142. 17 - 13. 51 

75~ 70 + 7. 04 - -

+ 
34. 83 2. 15 

17. 04 + o. 70 : 
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+ o. 78 

+ 9. 25 a. 71 
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7· 79 t'). 95 
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+ 
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+ 
E· 63 o. 95 

4· 37 
+ c . . 35-

... 
J, oz ~ o. ss -· -

2· 22 : o. 19-
+ 

1· 64 o. 07 

TABU: IV : .Individual: results showing_fecal- ~elimi..ncttion of 
14c after 

_· i.rtj·e·r.::tim of ·a single :-.dase · o£ TDI14c .in rats (see .tablc VII).- The 

.results are expressed as-a fraction of the dose -injected (0
/ 00 ). 

The mean for each period was calculated. 
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17.57 
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()' 

150 

17.S7 

5 5 

139 134 

32.54 L3 .11 

T.J\3LE VII Indivi.d\.21 doses of TDI aCmi.'i.i.s-cered to anirr.als used 

for excretion balances. 
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240 - 2, I .o .. 379. 30 341. 07' 4 52. 74 350. 92 381 · 13 

+ - 12. 
,., 
0-

264 - 28 8 363. 49 345. 96 455. 57 356. 99 385. 50 
+ - 12. 32 

285 312 331. 64 350. 17 456. 60 
+ 

11· 87 - ·- 15 . .36:? • 45 387. -

312 336 383. 40 ; 352 • . 61 457. b4 ' : 365. 64 389. 82 
+ 

12 · tr 

336 360 .3 85. 39 354. 26 459 ' • 20 · : - 367. 391· 46 
+ 

11· - . - . -- 00 -
TOTAL 
U?.I~E + 

F..A..SCES 950 .•. 52 943. S3 885. 97 911. 80 923. 03 
+ 7 • 48 

TABLE VI ~ = Individua1 "I '€Sul"ts ·showing the c~a"tive· fecal .elimination o: 1~.C:. .• : . ..o 
-- -···-·· ·- - ---- ·--- ----- 114 

~ as a .. fJmction of time, : af:ter adminis:tration of a single dose of TDI C 

··:..:.-_by--.intramuscular ·.injection ·in ·rats (see table VIIJ; TI1e 1.:esults 4I'e 

expressed in parts per lOOOof the dose injected·; The rrean fm· --eaCh 

period as •.;ell a :>: tne overall balance are calculated. 
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APPENDIX I 

AUTORADI(x;PM'h'Y OF TrlE ENTIRE ANIPAL 

PROCEDURE :· A rat weighing 100 g :receives an intramuscular injectio:1 of 

TDI14c (18 pCi) . Twenty four ho1.14's after adnrini.stratia1 of the chemical, 

the animal is killed and rapidly frozen by immersion in liquid ni~gen • 

. Tne frozen rat ·is stored for -24 hours in a freezer -at --2 5°C before the 

preparation of sections. Ullberg's techn :..que (1954) was employed for 

- preparing the sections. A leitz microtome was used with a plate cooled 

to -30°C. 

50 }l sections _ parallel ·to the sagittal axis of the animal we~ _ 

prepared. Collected on adhesive ·tape~ they were dehydrated and the~ placed 

· ··against a 11-Kodirex" ·rronola.yer (Kodak) radiological film. The fiL-ns were 

developed after .five days of exposure . . The black· areas enable localization 

of the radioactivity due to 14c introduced into the body .of the a'"li"l'lal in 

t:"le f orn. of TDI 14 C . 

R:::SULTS 

Plate 1 shows- the autoradiographs of a rat killed 24 hours after 

adrrinistration of the labelled medicament. This period corresponds appro

ximately to the activity peak in the plasma of the animal. 

Tne relative importance of tissue fiY~tion of the Chemical -is shown 

in table I. These ·patterns were· obtained from preparations of the sarre 

thickness (50 p). The exposure period was seven days in all cases . 

PZFERENCE 

UlL~erg S., 1954, Acta Radiol. Supp. 118 
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of TDI14c from the rruscle, before considering cont~ation of rats via 

t '1e respiratory tract. This diffusion rete is fairly rapid wit"t a T 1/2 . . ~ ~ 

of jQ minutes. Our experience suggests that diffusion from the resniratory 

tract ;houid be even m:>n! rapid. 1-breover., -the relati:vel~ slow elk .ination 

of derivatives of TDI14c labelled with 14c should permit observation of 

blOod, urinary and fecal radioactivities with the new e~rimental procedure 

The autoradiograph of ·tlie en'tire ·animal (see Appendix) shews that 

TDI14c and its labelled metabolites are practically diffused throughout 

the organs, with a high concent-cation in ·the ·excret~on organs. 

From the purely kinetic standpoint, the distribution curve~ based 

on distribution--in · blood and on the excretion balance suggest that in 

addition to TDI, metabolites are formed : 

~ 
·.< 

· / - - one or .two iinportant· metabOlites diffusib::.e "through the majority 

\ ,1

/ of organs 

- with relatively slow elimination rates, 
~ 

- wit"11 an elimination balance approaching 100 % in 15 days. 

These hypotheses will only be corroborated by additional invest 
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